SUMMARY Infant mortality rates vary from area to area. Part of this variation is due to the socioeconomic characteristics of the area and part to other factors including the obstetric, paediatric, and community health services. Four social indicators associated with infant deaths are used to control for some of the variations in socioeconomic characteristics and residual variation is then examined. The four social indicators are the level of unemployment, the proportion of large families, the proportion of lone-parent families, and the level of overcrowding.
In 1978 the Department of Health and Social Security (DHSS)1 contacted health authorities whose infant and perinatal mortality rates were worse than the national average, and asked them what they were doing to combat the problem. In its letter the DHSS recognised that:
... variations in infant and perinatal death rates are in no sense a true measure of the effectiveness of an area's health services and may also reflect a whole range of wider social and environmental factors.
In their responses nearly half of the 33 area health authorities mentioned such factors as multiple deprivation, large ethnic minority groups or having a large proportion of their population in the lower social classes as accounting for their high rates.
The association between infant death, poor housing conditions, and other socioeconomic factors is widely recognised.2 3 Although previous research has explored the nature of these relationships, it has not yet succeeded in providing policy-makers with a means of comparing infant mortality rates after making allowances for variations in these socioeconomic characteristics. In July 1980 the House of Commons Social Services Committee4 expressed concern about the lack of information 11 available on the links between adverse socioeconomic circumstances and perinatal and neonatal mortality. It recommended that high priority be given to research aimed at exploring these links. More recently the Research Working Group on Inequalities in Health has also concluded that 'further work on relationships between indicators of social disadvantage and mortality is needed'.5
PREVIOUS RESEARCH
The relationship between infant mortality and socioeconomic conditions has previously been studied in two distinct ways:
(1) Studies of the social characteristics of mothers whose infants die The Office of Population Censuses and Surveys (OPCS) has recently published the latest in a series of reports"'2 on the social and biological factors associated with infant mortality, based on data drawn from the linking of birth and death registrations. Analysis has centred mainly on such factors as social class (derived from the occupation and status of the father if the birth is legitimate), residence, country of origin, and age and parity of the mother.
Surveys provide another source for deriving data about the social characteristics of mothers who lose 12 babies, either those undertaken of the population in a small area"3 or large-scale national cohort surveys like the 1958 Perinatal Mortality Survey"4 or the 1970 British Births Survey." nla Both of these national surveys were primarily concerned with maternity services and, apart from information on social class, provided limited data on the socioeconomic background of mothers.
(2) Studies ofthe social characteristics ofareas with high infant mortality rates Richard Titmuss'6 in his prewar study of infant mortality drew on the work of Stocks,'7 who used census data to study the association between mortality and housing. In 1947 Woolf'8 showed that infant mortality was related to unemployment, low pay, and overcrowding, by analysing the characteristics of local authorities in England and Wales. Brennan and Lancashire"9 later employed this method to study the association of childhood mortality with indicators of socioeconomic deprivation, in particular housing status and unemployment.
Several American studies have analysed variations in infant mortality; in particular, Brooks20 examined the extent to which family income, low education, sound housing and the percentage of blacks directly and jointly relate to neonatal and postneonatal mortality rates in 2237 counties in the USA by means of path analysis. In a more recent paper, Brooks2' used hierarchical multiple regression analysis in order to determine the extent to which low infant birth weight intervened in the association between infant mortality and the social and economic characteristics of populations residing in areas of Cleveland, Ohio.
Variations in the effectiveness of maternity care systems in the pre-1974 local authorities of England and Wales were studied by Ashford et al" using as output measures unadjusted and adjusted perinatal mortality rates and the proportion of low-birthweight births. About four-fifths of the total variation in the proportion of low-birthweight births, and about three-quarters of the total variation in perinatal mortality, were accounted for by the set of social indicators used in the study. Perinatal mortality rates for the years 1966-8 were used, and variations in infant mortality rates were not examined. 1974 have not yet been analysed in relation to social conditions. This is the focus of this paper.
Material
There are two possible approaches that can be adopted for selecting independent variables in a multivariate analysis. By computer-based automatic selection procedures a large number of plausible social indicators can be examined and those which singly or in combination satisfy certain statistical criteria can be included. This is the method adopted by Fryer et al."6 The other way is to select a set of variables which are known to be related to the dependent variable on the basis of previous research and whose inclusion may be justified a priori. This second approach was adopted in this analysis.
We did experiment with the first approach, seeking sets of explanatory variables which maximised the adjusted R2 goodness-of-fit measure. However, some of the variables which this procedure selected could not be satisfactorily justified. Two of these were:
(1) The standardised mortality rate (SMR) was excluded because it is not independent of the infant mortality rate. Also, even that part of the SMR which is independent of infant mortality is a 'second order' variable-derived from social conditions and not a social condition itself. The SMR for the years in question correlates r = 0-55 with the infant mortality rate and if it had been included in the first regression analysis below it would have increased the proportion of variance explained by only 2-2%.
(2) Low birth weight was another variable that has been used in the previous work on area variations in perinatal mortality but was excluded in this analysis. In fact birth weight was found in this analysis to correlate more highly with infant mortality (r = 0-47) than with perinatal mortality (r = 0-43)
but it was excluded because it is another second order variable-the result of social conditions rather than a social condition itself. The statistics cover 107 local authorities in England, the counties, metropolitan districts, and London boroughs. The City of London is excluded from the analysis because of its very small size. Table 2 Correlation matrix* of the infant mortality rate and the indicators used to examine variation in that rate NS not significant Table 3 Summary results of two regression analyses of the infant mortality rate group.bmj.com on April 20, 2017 -Published by http://jech.bmj.com/ Downloaded from the Table is self-explanatory it is worth drawing attention to certain features. For example, North Yorkshire has a higher infant mortality rate than that predicted on the basis of its characteristics, even though its infant mortality rate is below the national average. Liverpool, to give another example, has an infant mortality rate near the national average but considering its characteristics its rate is a relatively low one. Some authorities have high infant mortality rates both relative to the national average and to that predicted on the basis of their characteristics, including Calderdale, Camden, Wolverhampton, Salford, and Rochdale. There are certain authorities which, despite their social characteristics, have remarkably low rates, including Sutton, Islington, South Tyneside, Oxfordshire, and Berkshire. These latter authorities are those which prima facie have been most successful in overcoming the social Jonathan Bradshaw et al characteristics of their areas to achieve low infant mortality rates, and it is in these authorities that there is the best chance of finding patterns of health and social services that could provide an example for those authorities who are aiming to improve their services to reduce their high infant mortality rates. Some of the effects of socioeconomic deprivation can be overcome by adequate and accessible obstetric, paediatric, and community health and social services. Indeed, it appears they are being overcome in many areas of England, and this analysis has identified those authorities whose success might encourage others who still have much to achieve.
